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I 
 
摘要 
我国海水养殖业的迅猛发展，带来了巨大的社会效益和经济效益，同时也面
临了诸如养殖病害频发、海水养殖动物生长缓慢、沿海水质恶化等一系列问题，
成为制约水产养殖业健康发展的瓶颈。海洋动物源饲用益生菌以其促进养殖动物
生长、提高养殖动物免疫功能、防病抗病力、且无污染、无毒害等特点，逐渐成
为水产养殖应用的新焦点。源自杂色鲍(Haliotis diversicolor)肠道的两株细菌，同
温层芽孢杆菌 (Bacillus stratosphericus A3440)和海洋褐色杆菌 (Phaeobacter 
daeponensis AP1220)，因其分别具有显著的消化酶活性和抗菌活性，作为潜在益
生菌开展了初步应用研究。本论文初步测试了两株菌的安全性、对其培养基成分
和培养条件进行了优化、并将其应用于杂色鲍幼鲍的养殖实验中，明确促生抗病
效果并就益生菌对肠道菌群结构的影响进行了深入分析，为益生菌在杂色鲍养殖
中的进一步应用和深入研究提供了理论依据。 
首先，对两株潜在益生菌的安全性及菌间相容性进行研究。结果表明，A3440
对 28 种抗生素中的 16 种表现敏感、AP1220 对 13 种抗生素表现敏感。AP1220
可以有效抑制 20 株指示菌中的 16 株。两株菌均不会产生溶血素、不具有氨基酸
脱羧酶和硝基还原酶活性。在菌液浓度为 105cfu/mL 时，两株菌不会相互抑制。 
其次，对两株潜在益生菌的培养基成分和发酵条件进行了优化。以细菌芽孢
产率和蛋白酶活力作为检测指标，对菌株 A3440 进行优化。结果显示，优化后
A3440的蛋白酶活力从166.66 U提高至294.44 U、芽孢率从86.7 %提高至94.3 %。
以 OD630 值和抑制哈维氏弧菌(Vibrio harveyi)的能力对菌株 AP1220 进行优化。结
果显示，优化后 AP1220 的 OD630 值从 0.83 提高至 1.10、抑菌直径从 1.62 cm 提
高至 1.75 cm。 
第三，探究了两株潜在益生菌对杂色鲍的益生作用。结果显示，日粮中添加
了 A3440，显著提高了幼鲍的壳长增长率、体重增长率、胰蛋白酶活力、4 种体
液免疫酶活力(P<0.05)；添加 AP1220 显著提高了体重增长率、酸性磷酸酶和过
氧化氢酶的活力(P<0.05)，并在弧菌攻毒实验中使幼鲍存活数量对比无益生菌添
加的对照组提高了 45.65 %。添加了两株菌的实验组，生长指标、淀粉酶和 3 种
体液免疫酶活力显著高于对照组(P<0.05)。 
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II 
 
最后，研究了两株潜在益生菌对杂色鲍肠道菌群结构的影响。两株菌在饲喂
后，宿主肠道微生物群落结构与对照组相比并未发生显著性变化。但攻毒后，益
生菌组肠道菌群多样性和丰度均有不同程度提高，但群落整体结构上并未发生显
著性变化；而对照组菌群多样性和丰度显著性降低，且群落结构明显变化；同时
一些肠道有益菌群在益生菌组也显著性增高(P<0.05)，而有害或机会细菌菌群丰
度降低。进一步表明，益生菌通过维持或重建肠道中健康的微生物群落结构，而
达到有效的益生效果。 
 
关键词：杂色鲍；益生菌；安全性；发酵；益生效果；肠道微生物群落 
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Abstract 
The rapid development of marine aquaculture in China has brought great social 
and economic benefits. At the same time, a series of problems, such as frequent 
diseases、slow growth of mariculture animals and the substantial deterioration in 
coastal environment have become the limiting factors of the aquaculture development. 
Feed probiotics from marine animal have become the new focus of aquaculture 
application because of the promotion of host growth and immune function and the 
eco-friendly characteristics. The two strains Bacillus stratosphericus A3440 and 
Phaeobacter daeponensis AP1220 were isolated from healthy H. diversicolor 
intestines. Due to their properties of bioactivities of digestive enzymes and 
antibacterial abilities against Vibrio species, they were assessed to demonstrate their 
probiotic potential applied in abalone aquaculture. In this study, the safety of two 
strains was evaluated, and the medium composition and culture conditions were 
optimized. Consequently, two strains were applied in juvenile H. diversicolor 
aquaculture to decide the effect of growth and disease-resistant of abalone, and to 
analyse the influence on the microbial structure of intestinal flora. This study will 
provide the theoretical data for further application and development of probiotics in  
farming abalone . 
Firstly, we assessed the safety and compatibility of two potential probiotics. The 
results showed that A3440 was sensitive to 15 of 28 antibiotics. AP1220 was sensitive 
to 14 antibiotics and could strongly inhibit 16 of 20 pathogens tested. Both two strains 
can not cause hemolysis phenomenon, not produce amino acid decarboxylase and 
nitrate reductase. Two strains could not inhibit each other at the concentration of 105 
cfu/mL. 
Secondly, we optimized the medium composition and fermentation conditions of 
two potential probiotics. The results showed that the spore yield of AP 3440 increased 
from 86.7 % to 94.3 % and the protease activity rose from 166.66 to 294.44 U/mL at 
the optimized condition. The results showed that the OD630 of strain AP1220 which 
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represented the cell growth rate increased from from 0.83 to 1.10 and the antibacterial 
activities also was strengthed against pathogenic Vibrio species. . 
Thirdly, the beneficial impacts of two potential probiotics to H. diversicolor was 
decided on the growth rate, survival rate, the activities of digestive enzymes and 
immune related enzymes in situ. The increased growth performance of abalones that 
giving probiotic bacteria, including growth rate of shell length and weight, was 
significantly higher than those abalones fed basal diet (P<0.05). Similarly, all 
treatments showed increased trend on survival rates than the control group without 
probiotics additive. The trypsin activities of group AP3440 and probiotics mixture 
were significantly increased (P<0.05). Bacillus sp. A3440 supplementation on abalone 
significantly affected nearly all enzyme activities related to immune response 
(GSH-PX, CAT, AKP and ACP) compared to group C (P<0.05). Contrary to the 
performance of highest survival rate of abalone fed with P. daeponensis AP1220 
(group P), the putative probiotic only obviously increased CAT and ACP activities of 
abalone. And fed with A3440 and AP1220 significantly increased the amylase 
activities and three enzyme activities related to immune response(CAT, ACT and SOD) 
(P<0.05). 
Finally, abalone gut microbiome on microbial Phylum level showed no obvious 
differences with or without probiotics addiminantion, but the bacterial diversity and 
richness from the non-treated group were higher than other treatment groups. After 
the challenge assays, bacterial richness and diversity of probiotics treatment groups 
rose at different extent and the A1220 group reached the highest value. Conversely, 
the non-treated group sharply decreased and kept at the lowest level. The gut 
microbial composition in probiotic treated animals maintained the relative consistence 
after and before the challenge test, while the non-treated animals exhibited marked 
variability. Besides, the richness of beneficial bacterial flora increased and the 
opportunity bacteria declined of abalone fed probiotics diet. In gerneal, the dietary 
administration with B.stratosphericu and P.daeponensis in this study have tremendous 
potential as probiotics for commercially H. diversicolor.  
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Keywords： Haliotis diversicolor； Probiotics； Safety evaluation； Fermentation 
condition；function of probiotics； Intestinal microbial community 
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